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THE ROTATION-VIBRATION STRICTURFE OF EVEN-A
SAMARIUM AND GADOLINIUM ISOTOPES
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Loes Alamos Scientific Laboratory, University of California
Los Alamos, NM B7545
and
S. A. Willlame
l.mer Laboratory-DOFE and Department of Phyrics
Iowa State University, Ames, IA 50011

ABSTRACT

The extended rotation-yv,bration mode), which consistr of
an aaymmetric rotor and oreathing mode deformation vibrations,
hae heen applied to several even-A samarium ancd gadolinium
isotopec. The comparison petween the theoretical and exy.rri-
mental energy levelr and the comparison with other model! calcu-
lationes are prescnted. Also Bhown are the comparison between
the experimental and theoretical B(E2) ratior tor the isotoper
st udied.

The extende’ rotation-vihration model, which we havo Pn-vi(-n—.ly emploged vi
succerss to expiain the structure of the even-A Fd isotopers' and that of ] Pt,” har
been used tr study the mtructure of gseveral even-A samar.um and gadolinium isotopers,

Basicaily, the mndel Hamiltor,an |r that of an asymmet:ic rotor together with
breathingy mode d~formatinn vibrations (;r-vibiation), In addit!on we assume the exir-
tence of an additional degree of freedom, which wr regard as quasi-bneon in nature,
but we do not explicitly treat thir degree of freedom. The basic nature of this model
har been discunfed in detail {n Ref. 1 and wr rhall not repeat the arguments here., 1t
ir rufficient to say that t'e rotation-vibratior. part of “he Hamiltonian resultr In a
sequer e of rotor-vibrator enerqy levelrn labeled by 1, N, and n. The quantum number 1
lahels the rtate anqula; momenturm, N i an ordinal number labeling the multiple ocvur-
tences of a giver. I valur within the name dAeformation-vibration ban!., There vibrational
bandr. are iabeled by the ordinal number n.  We anpume that the additional degier of
freedom dorrn not couple ptrongly with the rotation-vibration part of the Hamiltonian and
conpeguent ly that the apectrum conkriftr of one or more occurtences of very aimilate
rotatimn-vihration mRequences, We labwel each occurrence by an endinal pumber 5, § = 1
being the Bequence that containn the qround ntate, A given rtate in therefore Jabeled
by INnt. FPor example, 4211 {r the BRecond 4' leve]l of the firrt vibrational band in
the fi1:nt sequence, while 4112 would be the st (lawert in energy) 4' level of the
firnt v:hrationa, band in the recond Requence, The Atructure of the Recond mequreace
will rtrongly renembie that of the first aequence, which ir a conrequence of *ar weak
coupling. Regarding the coupling in a percurbhative manner, however, we do expect alight
diffsiences {n the two gequencer,.

Therr are three parameterr for each mRequence: 1/, fn a meanute of the vibration
wtiffnern, ¢ iR the anymmetiy of the totor, ardl an energy acale parameter. To pairtial.y
account for the effectr of the quari-boron degrer of freedom, we allow , and the enrigy
scale factor but not | to vary from Requ nee to faquence,

InsOfar af trannitichs aie om =rned, we can calculate R(EZ) ratior within A
mequence, but not from levelr {n one meguence to thote {n another meguence, Thin
deficiency {r due to omr aimplintic tisatment of the quani-bonon deqree of fresdom and
will have to bw jemoved in future renearch, Por the moment we content ourkelver to live
with thin deficien ;.

Tabhler 1 and 11 =how A& compat ipon batwern the theoret {cal and exper iment al energy
leveln for the even-A namat lum and gadolinium {Rotopwrn we have atudied, Almo Bl wh ale
the patring plun quadiupole (PPQ) madel caicu.ation: uf Rumar et al. ! where auch are
available and thone of the interacting boaon (INA) model calealation of 8 tolten
et al.4 Only {n 15660 can wr make & comnarfron of all thres madelpn.  1n that cane,

{t in clear that the extendm] 10tation vibiaticn el accountr for mors expsr iment al



levelr with conniderably hetter
all agreement hetween theory anrd
emj.er iment than the nthrr two. Not
shown ir the hocon expaneion meds]
calculation: of Tamura et a.,,>~
which are completely comparable in

over -

T T T
quality with our results. e et | #13-13'1' LAY S
Figure } mhowr a part of a & IS OG- ¢eier & o
compar iron between the exper imental \
and theoretical B(E2) rutior for the 4
imotoper atulied. In genersl, the
B(E®) ratlor for the extended 2
rotacrion-vibration mode]l are in L0 1 1 a1 ol
better agrecment with the experiment g_.uq_
overall than are thone of the models « =t
cited in sef. 3 and 4. Again, our
results and thnne of Ref, S are 4 \ \, A
comparable altli.agh the modeln are g \ N, _J g
quite different in chararter, at - e - }--—-r_.. -
leant in appearanc:, : =
Thin main dif ference bhetwren = T—L‘*“—“Lw:‘:"—‘— &
our mexdel and the three cited {6 in w . ENTI w
the ansignment of : Landn. 1n all o} \_ @
othet caren tle [ -vibration levels ) *
wore ancigned to what we wnuld eall "\ﬁ--—‘t -
the pecond aequeser,  Unfortunately, \
at the moment o0 cannot calculate
transition ration from sequence to o) T S T WO [ W
nequence,  We are working to pectify L gi'l'l' .:a":'l'l' 4'-;:.‘;.. / .
that nituation ko that we may make 3 - orp / 3 $
an even more detafled comnar lson
with there alternative deccription:, 2 a " 010 .
of rech collective g lei, a-f . - /l
! o] A, /4
/%
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Tatle 1. Comparisor. betweer the axperiments’ and thecretica' energy levels of Sams~iun 1sotopes.
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